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Design, numerical analysis and optimisation of 
groundwater extraction system 
 
Dana Baroková  
 
The main objective of the paper is to inform about the results of proposal, design, 
realisation and optimisation of the groundwater extraction system to control ex-
cessive rise of groundwater table. The system was used for Nitra Industrial Park, 
where the Land Rover Jaguar Company is nowadays already completed at north-
ern part of the town Nitra in Slovak Republic. For proper construction and opera-
tion of the industrial park there was proposed groundwater extraction well system 
from which the optimum pumping rate should keep the groundwater level at re-
quired elevation without causing any depletion to water resources in the adjacent 
area. To address this challenge a numerical groundwater modelling system using 
TRIWACO simulation package was applied. Based on available hydrological, ge-
ological and hydrogeological data numerous simulations were carried out for 
steady as well as for transient flow conditions. Furthermore, the system was opti-
mised in situ for proper operation of the system and for minimisation of operation 
costs. 
Keywords: numerical modelling, pumping system, industrial park, flood protec-
tion, groundwater flow 
1 Introduction 
The paper is dealing with hydraulic assessment of the groundwater drawdown 
system which was built inside of the Industrial Park in Nitra where the Land 
Rover Jaguar Company started to build up the automotive factory. The area of 
interest is a plain with a mean altitude of approximately 141.5 m a. s. l. The 
groundwater level is fluctuating from 140.5 to 143.0 m a. s. l. during the dry 
season or extreme climate conditions. During the construction as well as opera-
tion of the park, the groundwater level was required to be below 140.0 m a. s. l. 
(as requested by the investor). For this reason we have decided to propose a 
groundwater drawdown system using 38 pumping wells (Fig. 1). This proposal 
was based on geological, hydrological and hydrogeological data obtained using 
TRIWACO finite element simulation package by Royal Haskoning (2004). 
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Figure 1: Location of study area with proposed pumping well system 
Solving this problem we came out from available geological data which were 
collected in archive of the State Geological Institute (SGUDS), from hydrologic 
data measured in the basic groundwater observation network of the Slovak Hy-
drometeorological Institute (SHMI) as well as later on from detailed hydro-
geological survey under the leadership of the STRABAG, Ltd. Company. 
Integral part of these input data was the realisation of three proposed pumping 
tests by INGEO Urbaník (2015), Ltd in given locality for better specification of 
hydraulic conductivity value of aquifers in studied area. All these data created 
the base for the formulation of the theoretical solution of the groundwater level 
regime drawdown to required level using method of mathematical modelling. 
Utilised numerical finite element method for the solution of quasi-three dimen-
sional groundwater flow required the information on water level regime in the 
Nitra River, as well, bounded the territory from the west, or from northwest 
(Fig.1). 
2 Specification and determination of input data 
From the detailed hydro-geological survey Soták (2015) which was realised in 
the given locality resulted that the groundwater level in the area of interest is 
confined (i.e. under pressure). It is indicated by hydro-geological cross-sections 
(more than 50) which were constructed according to above mentioned hydro-
geological survey. For illustration one of them is presented in Fig. 2. All hydro-
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geological cross-sections are oriented from East to West (E-W) and they con-
firm that the drilled groundwater level (GWL) in quarternary gravel-sandy layer 
has stabilized in quarternary clayey layer. The groundwater level is under the 
pressure and therefore piezometric head is the better expression (including pres-
sure head) according to Bernoulli´s equation of the principle of energy conserva-
tion of flowing liquid. 
 
 
Figure 2: Hydro-geological profile 1-1´across the area of the park in Nitra (E  W) 
From the results of hydro-geological survey Soták (2015), Urbaník (2015) pre-
sented in Fig.2 came out: 
 the mean value of the earth surface altitude is approx. at 142.0 m a. s. l., 
 the mean altitude between the clayey cover layer (aquitard) and gravel-
sandy layer (aquifer) is approx. 138.0 m a. s. l., 
 the mean altitude of the interface between the quarternary gravel-sandy 
layer (aquifer) and the neogen clayey-sandy layer is approx. at the level of 
134.0 m a. s. l. 
On base of realisation of 3 pumping tests which location and position of obser-
vation boreholes were consulted with representatives of the ZT-Ströhle Ströhle 
(2015), it was possible to determine hydraulic conductivities of the aquifer. Re-
sults of hydrodynamic tests realised by INGEO Company Urbaník (2015) creat-
ed for the working team the determination of hydraulic conductivity values. 
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Measured values of hydraulic conductivity k (m.s-1) as well as transmissivity T 
(m2.s-1) are presented in Tab.1. The expression PW 
ex at the 
value of hydraulic conductivity k varies between 3.50.10-4 up to 1.5.10-3 m.s-1. 
On base of these data the map of isolines of hydraulic conductivity has been 
elaborated as well as the map of isolines of transmissivity values what were the 
most important input data for numerical simulation of groundwater flow. 
Next very important step was the calibration of the mathematical model which 
was performed according to measured stabilized piezometric heads on base of 
the final report of the above mentioned hydro-geological survey Soták (2015). 
Table 1  Values of hydraulic conductivity k and transmissivity T Soták (2015) 
Borehole No. k T 
 (m.s-1) (m2.s-1) 
PW-1 3.5192E-04 1.0558E-03 
OW-1.1 8.5516E-04 2.5655E-03 
OW-1.2 1.5497E-03 4.6491E-03 
OW-1.3   
OW-1.4 8.1599E-04 2.4480E-03 
Mean value 8.9319E-04 4.6491E-03 
PW-2 7.6717E-04 2.5317E-03 
OW-2.1 1.4129E-03 4.6626E-03 
OW-2.2 1.4038E-03 4.6326E-03 
OW-2.3 4.8642E-04 1.6052E-03 
OW-2.4 1.5513E-03 5.1193E-03 
Mean value 1.1243E-03 3.7103E-03 
PW-3 8.9277E-04 4.0174E-03 
OW-3.1 4.6824E-04 1.6388E-03 
OW-3.2 6.8455E-04 2.3959E-03 
OW-3.3 1.4201E-03 4.9704E-03 
OW-3.4 4.4400E-04 1.5540E-03 
Mean value 7.8193E-04 2.9153E-03 
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3 Proposal of groundwater level drawdown - results 
For groundwater drawdown a system of wells was already proposed earlier in 
the way not to interfere the very construction and operation of the activities in 
the industrial park in Nitra. However, just on base of refined project documenta-
tion  (2015) the actual positioning of pumping wells in area of in-
terest was determined. The proposed well system consisted of total number of 
38 pumping wells as it was already mentioned al. (2015). 
Afterwards, a series of numerical simulations combining various pumping rate 
was performed to achieve the required groundwater level at given boundary 
conditions. The most convenient solution was given by a combination of pump-
ing rates of 2.5 l.s-1 along the Nitra River and 1.0 l.s-1 along the Dobrotka stream 
in the East (Fig. 3). 
 
 
Figure 3: General proposal of most convenient solution of GW drawdown by well sys-
tem with presentation of pumping rates 
The course of piezometric head after realisation of pumping from given system 
of wells is illustrated in Fig. 4. From this figure is apparent that the drawdown 
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from assumed extreme level of piezometric head at the altitude of 142.00 m a. s. 
l. to required 140.00 m a. s. l. and less is possible to realise.  
We point out that all numerical simulations were realised in steady conditions, 
they do not take into account possible stand away of pumps in dry periods. Such 
simulations of transient groundwater flow are not involved in the presented con-
tribution. Especially in the eastern part of the park there is a possibility of stand 
away of pumps in dependence of the groundwater inflow into the area of interest 
from upland areas (2016). 
 
 
Figure 4: Course of the piezometric head assuming pumping rates (Fig.3) 
For better visual demonstration isolines of differences between the piezometric 
heads of groundwater and 140.00 m a. s. l. altitude area illustrated in Fig. 5 as-
suming pumping rates according to recommended simulation scenario of pump-
ing rates. The region with piezometric head below 140.0 m a. s. l. is white-
washed (2015). 
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Figure 5: The course of isolines of differences of piezometric head over 140.0 m a. s. l. 
according to recommended pumping rate scenario (Fig.3) 
4 Conclusion 
In frame of the solution of hydraulic proposal for groundwater level drawdown 
in Industrial Park in Nitra to obtain the required groundwater level 140.0 m a. s. 
l. has been elaborated a series of numerical simulations in quasi-three dimen-
sional space using finite element method. This system was proved for extreme 
conditions of piezometric head given by groundwater level at altitude of 142.0 
m a. s. l. There is proposed and realised a system of 38 wells where an optimum 
pumping rate scenario is utilized. This scenario assumes realisation of 24 wells 
with pumping rate of 2.5 l.s-1 and realisation of 14 wells with pumping rate of 
1.0 l.s-1 (Fig.3) which ensure in given hydro-geological conditions the level of 
piezometric head required by investor.  
The realised pumping system is on-line connected to the designer office and the 
layout of it is apparently illustrated in Fig.6 (2016). 
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Figure 6: The layout of the on-line pumping system in Industrial Park in Nitra on the 
screen of the designer´s computer 
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